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GLVRUGHUV0HPEHUVRI WKH F$03VSHFLILFSKRVSKRGLHVWHUDVH 3'( IDPLO\ZKLFKFRQWDLQVϰϳ
PRUHWKDQGLIIHUHQWLVRIRUPVSOD\DNH\UROHLQGHWHUPLQLQJVSDWLDOF$03GHJUDGDWLRQVRDVϰϴ
WRRUFKHVWUDWHFRPSDUWPHQWDOL]HGF$03VLJQDOLQJLQFHOOV(DFKLVRIRUPELQGVWRDGLIIHUHQWVHWϰϵ
RI SURWHLQ FRPSOH[HV WKURXJK LWV XQLTXH 1WHUPLQDO GRPDLQ WKHUHE\ OHDGLQJ WR WDUJHWHGϱϬ
GHJUDGDWLRQ RI F$03 LQ VSHFLILF LQWUDFHOOXODU FRPSDUWPHQWV +RZHYHU WKH IXQFWLRQDO UROH RIϱϭ
VSHFLILFFRPSDUWPHQWDOL]HG3'(LVRIRUPVKDVQRWEHHQH[DPLQHGin vivo+HUHZHVKRZWKDWϱϮ
LQFUHDVLQJSURWHLQ OHYHOVRI WKH3'($ LVRIRUP LQKLSSRFDPSDOH[FLWDWRU\QHXURQV LPSDLUV Dϱϯ
ORQJODVWLQJ IRUP RI KLSSRFDPSDO V\QDSWLF SODVWLFLW\ DQG DWWHQXDWHV KLSSRFDPSXVGHSHQGHQWϱϰ
ORQJWHUPPHPRULHVZLWKRXWDIIHFWLQJDQ[LHW\,QFRQWUDVWYLUDOH[SUHVVLRQRIDWUXQFDWHGYHUVLRQϱϱ
RI 3'($ ZKLFK ODFNV WKH XQLTXH 1WHUPLQDO WDUJHWLQJ GRPDLQ GRHV QRW DIIHFW ORQJWHUPϱϲ
PHPRU\ )XUWKHU RYHUH[SUHVVLRQ RI WKH 3'($ LVRIRUPZKLFK WDUJHWV D GLIIHUHQW VXEVHW RIϱϳ
VLJQDORVRPHV OHDYHV PHPRU\ XQGLVWXUEHG )OXRUHVFHQFH UHVRQDQFH HQHUJ\ WUDQVIHU )5(7ϱϴ
VHQVRUEDVHG F$03 PHDVXUHPHQWV UHYHDO WKDW WKH IXOOOHQJWK 3'($ LQ FRQWUDVW WR WKHϱϵ
WUXQFDWHG IRUP KDPSHUV IRUVNROLQPHGLDWHG LQFUHDVHV LQ QHXURQDO F$03 OHYHOV 2XU VWXG\ϲϬ
LQGLFDWHV WKDW WKHXQLTXH1WHUPLQDO ORFDOL]DWLRQGRPDLQRI3'($SOD\VDQHVVHQWLDO UROH LQϲϭ
WKHWDUJHWLQJRIVSHFLILFF$03GHSHQGHQWVLJQDOLQJFULWLFDOIRUV\QDSWLFSODVWLFLW\DQGPHPRU\ϲϮ
7KH GHYHORSPHQW RI FRPSRXQGV WR GLVUXSW WKH FRPSDUWPHQWDOL]DWLRQ RI LQGLYLGXDO 3'(ϲϯ
LVRIRUPV E\ WDUJHWLQJ WKHLU XQLTXH 1WHUPLQDO GRPDLQV PD\ SURYLGH D IUXLWIXO DSSURDFK WRϲϰ











ZHYLUDOO\RYHUH[SUHVVHLWKHU IXOOOHQJWKRU WUXQFDWHG3'($ ODFNLQJ WKH1WHUPLQDOGRPDLQϳϯ
2YHUH[SUHVVLRQRIWKHIXOOOHQJWK3'($LVRIRUPLQKLSSRFDPSDOQHXURQVQHJDWLYHO\LPSDFWVϳϰ
V\QDSWLF SODVWLFLW\ DQG PHPRU\ ZKHUHDV H[SUHVVLRQ RI WKH WUXQFDWHG YHUVLRQ GRHV QRW DOWHUϳϱ
PHPRU\SURFHVVHV2XUZRUNLGHQWLILHV3'($DVDFRQVWUDLQWRQPHPRU\VWRUDJHDQGSDYHVϳϲ






















 $OWKRXJK WKH FDWDO\WLF F$03GHJUDGLQJ GRPDLQ RI WKH 3'( LVRIRUPV LV KLJKO\ϵϱ
FRQVHUYHG DOO RI WKHPRUH WKDQ  GHVFULEHG LVRIRUPV KDYH D XQLTXH1WHUPLQDO GRPDLQ WKDWϵϲ
WDUJHWV HDFK LVRIRUP WR VSHFLILF LQWUDFHOOXODU FRPSDUWPHQWV ZKHUH LW ELQGV WR D XQLTXH VHW RIϵϳ
SURWHLQ FRPSOH[HV +RXVOD\  3KDUPDFRORJLFDO VXSSUHVVLRQ RI 3'( DFWLYLW\ SURPRWHVϵϴ
V\QDSWLF SODVWLFLW\ DQG PHPRU\ 5DQGW HW DO  %DUDG HW DO  5XWWHQ HW DO ϵϵ




'RQQHOO  :LHVFKROOHFN DQG 0DQDKDQ9DXJKDQ  DQG PRXVH PRGHOV RIϭϬϯ
$O]KHLPHU¶VGLVHDVH*RQJHWDO5HQHHUNHQVHWDO5LFKWHUHWDO+RZHYHUϭϬϰ
WKH FOLQLFDO XVH RI EURDG 3'( LQKLELWRUV LV OLPLWHG GXH WR XQGHVLUDEOH VLGH HIIHFWV LQFOXGLQJϭϬϱ
HPHVLVDQGGLDUUKHD=HOOHUHWDO%HUWROLQRHWDO6SLQD7RFLUFXPYHQWWKHVHϭϬϲ
LVVXHVZKLFKFRPSURPLVHWKHFOLQLFDOXVHRISDQ3'(LQKLELWRUVVWXGLHVDUHQHHGHGWRLGHQWLI\ϭϬϳ







GLVSOD\ DQDQ[LRJHQLFOLNHSKHQRW\SH =KDQJHW DO  DSKHQRW\SH DOVRREVHUYHG LQPLFHϭϭϮ
ODFNLQJ 3'($ LVRIRUPV +DQVHQ HW DO  ,PSRUWDQWO\ UHFHQW ZRUN UHYHDOHG WKDW WKHϭϭϯ
3'($IDPLO\ LVQRW LQYROYHG LQHPHVLV +DQVHQHWDO LQFRQWUDVW WR WKH3'('VXEϭϭϰ
IDPLO\ 5RELFKDXG HW DO  0LFH ODFNLQJ DOO 3'(' LVRIRUPV GLVSOD\ HLWKHU PHPRU\ϭϭϱ
HQKDQFHPHQWVRULPSDLUPHQWVGHSHQGLQJRQWKHWDVNXVHG5XWWHQHWDO/LHWDOϭϭϲ
$OWKRXJKWKHVHPXWDQWPRXVHPRGHOVSURYLGHLQVLJKWLQWRWKHUROHRI3'(IDPLOLHVLQSODVWLFLW\ϭϭϳ
DQGPHPRU\ WKH\ ODFN WKH UHVROXWLRQQHHGHG WR LGHQWLI\ZKLFK LQGLYLGXDO LVRIRUPVRUFKHVWUDWHϭϭϴ
WKHREVHUYHGEHKDYLRUDODQGFRJQLWLYHSKHQRW\SHVϭϭϵ
7KH LPSRUWDQFH RI VWXG\LQJ LQGLYLGXDO 3'( IDPLO\ PHPEHUV LV XQGHUVFRUHG E\ WKHϭϮϬ
FRPSOH[UHJXODWLRQRILVRIRUPH[SUHVVLRQZKLFKLQFOXGHVPXOWLSOHSURPRWHUVDOWHUQDWLYHP51$ϭϮϭ
VSOLFLQJ DQG DOWHUQDWLYH WUDQVODWLRQDO LQLWLDWLRQ VHTXHQFHV +RXVOD\ HW DO  ([SUHVVLRQϭϮϮ
OHYHOV RI LQGLYLGXDO 3'( LVRIRUPV DUH DOWHUHG LQ WUDXPDWLF EUDLQ LQMXU\ 2OLYD HW DO ϭϮϯ
DXWLVPVSHFWUXPGLVRUGHUVVFKL]RSKUHQLDDQGELSRODUGLVRUGHU%UDXQHWDO)DWHPLHWDOϭϮϰ
E )DWHPL HW DO D E\ HOHFWURFRQYXOVLYH VKRFN GHOLYHU\ DQG WUHDWPHQW ZLWKϭϮϱ
DQWLGHSUHVVDQWV 7DNDKDVKL HW DO  '
6D HW DO  &KDQJHV LQ FHUHEHOODU H[SUHVVLRQϭϮϲ
OHYHOV RI 3'($ WKH KXPDQ RUWKRORJXH RI URGHQW 3'($ DUH REVHUYHG LQ SDWLHQWV ZLWKϭϮϳ
DXWLVPRUELSRODUGLVRUGHU%UDXQHWDO)DWHPLHWDOD)XUWKHU3'($OHYHOVϭϮϴ
DUH XSUHJXODWHG LQ OXQJ WLVVXHRI SDWLHQWVZLWK FKURQLF REVWUXFWLYHSXOPRQDU\GLVHDVH &23'ϭϮϵ
%DUEHUHWDO,QWHUHVWLQJO\&23'SDWLHQWVIUHTXHQWO\VXIIHUIURPVOHHSORVV&ULQLRQDQGϭϯϬ
0F1LFKRODV  D FRQGLWLRQ WKDW HOHYDWHV 3'($ SURWHLQ H[SUHVVLRQ LQ WKH PRXVHϭϯϭ




WKHVH ILQGLQJV VXJJHVW WKDW PHPRU\ LPSDLUPHQWV PD\ EH DVVRFLDWHG ZLWK DOWHUHG 3'($ϭϯϯ
H[SUHVVLRQLWLVXQFOHDUZKHWKHU3'($LQKHDOWK\FRQGLWLRQVWDUJHWVVLJQDOLQJPHFKDQLVPVϭϯϰ
FULWLFDO IRU PHPRU\ ,Q WKH SUHVHQW VWXG\ ZH XVHG D YLUDO DSSURDFK WR LQFUHDVH WKH PRXVHϭϯϱ
































1DWLRQDO ,QVWLWXWHV RI +HDOWK JXLGHOLQHV IRU DQLPDO FDUH DQG XVH DQG ZHUH DSSURYHG E\ WKHϭϲϱ
,QVWLWXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHHRIWKH8QLYHUVLW\RI3HQQV\OYDQLDϭϲϲ
Viral injections ϭϲϳ
7KH $$9V ZHUH LQMHFWHG XVLQJ D QDQRILO * EHYHOHG QHHGOHV :3, DWWDFKHG WR D  Oϭϲϴ
+DPLOWRQV\ULQJHFRQWUROOHGE\DPLFURV\ULQJHSXPS803:3,DWWKHIROORZLQJVLWHV$3ϭϲϵ
PP'9PPDQGPPEHORZEUHJPDDVGHVFULEHGSUHYLRXVO\+DYHNHVHWDOϭϳϬ
 7KH QHHGOH ZDV VORZO\ ORZHUHG WR WKH WDUJHW VLWH RYHU WKH FRXUVH RI  PLQXWHV DQGϭϳϭ
UHPDLQHG DW WKH WDUJHW VLWH IRU PLQXWH EHIRUH EHJLQQLQJ RI WKH LQMHFWLRQ O SHUPLQXWHϭϳϮ
$SSUR[LPDWHO\O FRUUHFWHG IRUJHQRPHFRS\QXPEHUEHWZHHQ FRQVWUXFWVZDV LQMHFWHGSHUϭϳϯ
KLSSRFDPSXV$IWHUWKHLQMHFWLRQWKHQHHGOHUHPDLQHGDWWKHWDUJHWVLWHIRUPLQXWHDQGWKHQZDVϭϳϰ
VORZO\UHPRYHGRYHUDPLQXWHSHULRGϭϳϱ
DNA manipulation and Virus constructs ϭϳϲ
)XOOOHQJWK UDW 3'($ DQG PRXVH 3'($ FRQVWUXFWV ZHUH EDVHG RQ *HQEDQN DFFHVVLRQϭϳϳ













WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV 3'( DFWLYLW\ DVVD\V DQG ZHVWHUQ EORWV ZHUH FRQGXFWHG DVϭϴϴ
GHVFULEHG 9HFVH\ HW DO )RU DOO RWKHUSURWHLQ DQDO\VHV WLVVXH O\VDWHVZHUHSUHSDUHG LQϭϴϵ
7ULV  P0 S+  6RGLXP GHR[\FKRODWH   6RGLXP IOXRULGH  P0 DFWLYDWHG VRGLXPϭϵϬ
YDQDGDWH0('7$0DQG%HWD*O\FHURSKRVSKDWH03URWHDVHLQKLELWRUV5RFKHϭϵϭ
DQG SKRVSKDWDVH LQKLELWRUV 7KHUPR6FLHQWLILFZHUH DGGHG WR WKH IUHVKO\ SUHSDUHG EXIIHU MXVWϭϵϮ
SULRU WR WLVVXH O\VDWLRQV 6DPSOHV ZHUH FHQWULIXJHG IRU  PLQXWHV DW  [ J DW & DQGϭϵϯ
VXSHUQDWDQW ZDV FROOHFWHG 3URWHLQ FRQFHQWUDWLRQ RI WKH VDPSOHV ZDV PHDVXUHG XVLQJ WKHϭϵϰ











URRP WHPSHUDWXUH 6DQWD&UX]PRXVHVHFRQGDU\DQWLERG\ VF6DQWD&UX] UDEELWϮϬϯ
VHFRQGDU\DQWLERG\VF6DQWD&UX]UDWVHFRQGDU\DQWLERG\VF7KHϮϬϰ
LPPXQRUHDFWLYH EDQGV ZHUH FDSWXUHG RQ DXWRUDGLRJUDSK\ ILOP .RGDN DQG DQDO\]HG XVLQJϮϬϱ
,PDJH-1,+ϮϬϲ
ImmunohistochemistryϮϬϳ
,PPXQRKLVWRFKHPLVWU\ ZDV FRQGXFWHG DV GHVFULEHG ,VLHJDV HW DO  7KH IROORZLQJϮϬϴ
DQWLERGLHVRUFRPELQDWLRQVRIDQWLERGLHVZHUHXVHG3'($9HFVH\HWDO+$ϮϬϵ
WDJ 5RFKH   969WDJ $EFDP   *)$3DOH[D  0LOOLSRUHϮϭϬ
IROORZHGE\WKHDSSURSULDWH$OH[DIOXRUFRQMXJDWHGVHFRQGDU\DQWLERGLHVϮϭϭ
,QYLWURJHQ IRU  KU DW URRP WHPSHUDWXUH ,PDJHV ZHUH FDSWXUHG XVLQJ D /HLFD 63 FRQIRFDOϮϭϮ
PLFURVFRSH ,PPXQRODEHOLQJIRUF$03ZDVFRQGXFWHGXVLQJF$03DQWLERGLHV 0LOOLSRUHϮϭϯ




Behavioral assays  Ϯϭϴ



















Fret sensor imaging Ϯϯϱ
F$03ZDVPHDVXUHGXVLQJWKH,&8(ELRVHQVRUDVGHVFULEHGSUHYLRXVO\'L3LODWRDQG=KDQJϮϯϲ
 3ULPDU\ UDW KLSSRFDPSDO FXOWXUHVZHUH REWDLQHG DV SUHYLRXVO\ GHVFULEHG 1HYHV HW DOϮϯϳ
 3ULPDU\ KLSSRFDPSDO FXOWXUHV ',9  ZHUH WUDQVIHFWHG XVLQJ /LSRIHFWDPLQH Ϯϯϴ
/LIH WHFKQRORJLHV ZLWK S,&8( NLQGO\ SURYLGHG E\ -LQ =KDQJ DQG P&KHUU\ DORQH RUϮϯϵ
S3'($IXOOPFKHUU\ RU S3'($WUXQFDWHGPFKHUU\   KRXUV ODWHU QHXURQV ZHUH SUHϮϰϬ
LQFXEDWHG IRU  PLQ DW  & ZLWK QLIHGLSLQH 6LJPD$OGULFK DQG WHWURGRWR[LQ 7RFULV WRϮϰϭ
HOLPLQDWHDQ\FDOFLXPRUGHSRODUL]DWLRQLQGXFHGVLJQDOLQJ1HXURQVZHUHWKHQWUDQVIHUUHGWRDQϮϰϮ





P07UROR[ 6LJPD$OGULFK0XOWLSOH ,&8(DQGP&KHUU\H[SUHVVLQJQHXURQVZHUH VHOHFWHGϮϰϱ
7UDQVIHFWHG QHXURQVZHUH LPDJHG HYHU\  VHF RQ DQ LQYHUWHG$[LR2EVHUYHU =PLFURVFRSHϮϰϲ
=HLVV ZLWK DQ DXWRPDWHG VWDJH XVLQJ $[LR9LVLRQ  VRIWZDUH XVLQJ D 3ODQ$SRFKURPDWϮϰϳ
; RLO REMHFWLYH DQG D TXDQW(0 HOHFWURQPXOWLSO\LQJ FKDUJHFRXSOHG GHYLFH FDPHUDϮϰϴ
3KRWRPHWULFV LOOXPLQDWHG E\ D &ROLEUL FRQWUROOHG /(' V\VWHP =HLVV  $W HDFK WLPHSRLQWϮϰϵ
LPDJHVZHUH DFTXLUHG IURP WKH&HUXOHDQDQG)5(7FKDQQHOVZLWK WKH IROORZLQJ VHWWLQJV H[ϮϱϬ
/('QPDQGHPQPIRU&HUXOHDQDQGH[/('QPDQGHPQPIRUϮϱϭ
)5(77KHWLPHFRXUVHRIWKHH[SHULPHQWFRQWDLQHGWKUHHSKDVHVPLQEDVHOLQHPLQRIϮϱϮ
 ȝ0 RI )RUVNROLQ ). 7RFULV IROORZHG E\ PLQ  ȝ0 RI LVREXW\OPHWK\O[DQWLQHϮϱϯ


















Overexpression of PDE4A5 in hippocampal excitatory neurons increases PDE4 activity and Ϯϲϵ
reduces cAMP levels  ϮϳϬ
9LUDOO\LQGXFHG 3'($ H[SUHVVLRQ ZDV REVHUYHG LQ H[FLWDWRU\ QHXURQV WKURXJKRXW WKH
KLSSRFDPSXV )LJ $( 'RXEOH ODEHOLQJ VWXGLHV XVLQJ *)$3 DV D PDUNHU IRU DVWURF\WHV
VXJJHVWHGWKDWH[SUHVVLRQZDVUHVWULFWHGWRQHXURQV)LJ)+%LRFKHPLFDODQDO\VHVFRQILUPHG
WKH YLUDOO\LQGXFHG LQFUHDVH LQ 3'($ SURWHLQ OHYHOV LQ KLSSRFDPSDO O\VDWHV H*)3 Q   
3'($Q WWHVW  P )LJ,DQGHOHYDWHG3'(DFWLYLW\H*)3Q 
3'($Q  WWHVW  P )LJ-ZLWKD ODFNRI DFKDQJH LQQRQ3'(
F$03K\GURO\]LQJDFWLYLW\WWHVW  P )LJ-,QFUHDVHGKLSSRFDPSDO3'(
DFWLYLW\FDXVHGUHGXFHGF$03OHYHOVLQWKHKLSSRFDPSXVH*)3Q 3'($Q WWHVW
  P )LJ$EXWQRWLQHLWKHUWKHSUHIURQWDOFRUWH[3)&RUFHUHEHOOXP&%W
WHVW    P    DQG WWHVW    P    )LJ $ $ UHGXFWLRQ LQ F$03
LPPXQRUHDFWLYLW\ZDVHYLGHQWLQDOOWKUHHPDMRUKLSSRFDPSDOUHJLRQVH*)3Q 3'($Q
 &$WHVW  P &$WWHVW  P '*WWHVW  P 




Elevated hippocampal PDE4A5 levels attenuate cAMP-dependent synaptic plasticity 
,QLWLDO HOHFWURSK\VLRORJLFDO FKDUDFWHUL]DWLRQ RI V\QDSWLF WUDQVPLVVLRQ LQ WKH 6FKDIIHU FROODWHUDO





WUDQVPLVVLRQH*)3Q 3'($Q WWHVW P )LJ$RU33)H*)3Q
 3'($Q $129$HIIHFWRIYLUXV)  P )LJ%0D[LPXP
I(363 VORSHV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ JURXSV H*)3 Q      
P9PV3'($Q P9PVWWHVW P  %DWKDSSOLFDWLRQRI
IRUVNROLQDFWLYDWHVDGHQ\O\OF\FODVHVOHDGLQJWRLQFUHDVHGLQWUDFHOOXODUF$03OHYHOVDQGV\QDSWLF
SRWHQWLDWLRQ 9HFVH\ HW DO  +DYHNHV HW DO E 3DUN HW DO  3'($
RYHUH[SUHVVLRQUHGXFHVWKHV\QDSWLFSRWHQWLDWLRQIROORZLQJDSSOLFDWLRQRIIRUVNROLQ0ZLWK
DVLJQLILFDQWUHGXFWLRQLQWKHPHDQI(363VORSHRYHUWKHODVWPLQXWHVRIWKHUHFRUGLQJH*)3
   3'($    WWHVW   P    )LJ & 7KLV ILQGLQJ
VXJJHVWV WKDWF$03GHSHQGHQWV\QDSWLFSODVWLFLW\ LQ WKHKLSSRFDPSXV LV LPSDLUHGE\HOHYDWLQJ
3'($,QIXWXUHVWXGLHVLWZLOOEHLQWHUHVWLQJWRGHWHUPLQHZKHWKHU3'($RYHUH[SUHVVLRQ




Increasing PDE4A5 in the hippocampus attenuates the formation of long-term context-shock 
associations
:H ILUVW DVVHVVHG ZKHWKHU VHOHFWLYH RYHUH[SUHVVLRQ RI 3'($ LQ KLSSRFDPSDO QHXURQV
DWWHQXDWHV ORQJWHUP PHPRU\ IRUPDWLRQ RI FRQWH[WVKRFN DVVRFLDWLRQV ,QFUHDVHG 3'($
SURWHLQ LQ WKH KLSSRFDPSXV GLG QRW DIIHFW IUHH]LQJ OHYHOV GXULQJ WUDLQLQJ H*)3 Q   
3'($Q SUHVKRFN WWHVW P!SRVWVKRFN WWHVW  P!





)LJ $ %HFDXVH VKRUWWHUP FRQWH[WXDO IHDU PHPRULHV GR QRW UHO\ RQ F$03 VLJQDOLQJ
%RXUWFKRXODG]H HW DO ZHK\SRWKHVL]HG WKDW3'($RYHUH[SUHVVLRQZRXOGQRW DIIHFW
VKRUWWHUP PHPRU\ IRUPDWLRQ IRU FRQWH[WVKRFN DVVRFLDWLRQV &RQVLVWHQW ZLWK WKLV LQFUHDVLQJ
3'($SURWHLQGLGQRWDOWHUIUHH]LQJOHYHOVGXULQJWUDLQLQJH*)3Q 3'($Q SUH
VKRFNWWHVW P SRVWVKRFNWWHVW P )LJ%RUWKHUHWHQWLRQ
WHVWKRXUDIWHUWUDLQLQJWWHVW P!P )LJ%7KXVLQFUHDVLQJ3'($
SURWHLQVSHFLILFDOO\DIIHFWVWKHFRQVROLGDWLRQRIORQJWHUPFRQWH[WXDOIHDUPHPRULHV
 7RQHFXHG IHDU FRQGLWLRQLQJ LV D WDVN LQ ZKLFK URGHQWV DVVRFLDWH D WRQH FRQGLWLRQHG
VWLPXOXV&6ZLWKDPLOGHOHFWULFDOVKRFN86DSURFHVVWKDWUHTXLUHVWKHDP\JGDODUDWKHUWKDQ
WKH KLSSRFDPSXV /H'RX[  0LFH H*)3 Q    3'($ Q    RYHUH[SUHVVLQJ
3'($H[SUHVVHGVLPLODUIUHH]LQJOHYHOVGXULQJWKHFRQGLWLRQLQJSUHVKRFNWWHVW  P
 &6WWHVW  P SRVWVKRFNWHVW  P )LJ&7ZHQW\IRXU
KRXUVDIWHUWUDLQLQJPLFHZHUHH[SRVHGWRDQRYHOFRQWH[WDQGUHH[SRVHGWRWKH&6%RWKJURXSV
VKRZHGVLPLODUIUHH]LQJOHYHOVGXULQJH[SRVXUHWRWKHQRYHOFRQWH[WWWHVW  P 
)LJ & DQGH[SRVXUH WR WKH&6 WWHVW P )LJXUH&7KXV WRQHFXHG IHDU
FRQGLWLRQLQJLVQRWDIIHFWHGE\RYHUH[SUHVVLRQRI3'($LQKLSSRFDPSDOQHXURQV
3'($GLIIHUV IURPRWKHU LVRIRUPVE\YLUWXHRI D  DPLQR DFLGXQLTXH1WHUPLQDO
WDUJHWLQJ GRPDLQ %HDUG HW DO  %ROJHU HW DO  7R GHWHUPLQH ZKHWKHU 3'($










WKH 3'($ LVRIRUP 7KLV VKRUW 3'($ LVRIRUP LV H[FOXVLYHO\PHPEUDQH DVVRFLDWHGZLWK D
PDMRUIUDFWLRQRI3'($IRXQGFRPSDUWPHQWDOL]HGWRWKH*ROJL6KDNXUHWDO3RROH\HW
DO,QFRQWUDVWWRLQFUHDVHGH[SUHVVLRQRI3'($HOHYDWHGSURWHLQOHYHOVRI3'($LQ
KLSSRFDPSDOQHXURQVGLGQRWDIIHFW ORQJWHUPPHPRU\ IRUPDWLRQV WWHVW  P!
)LJ'7RJHWKHUWKHVHILQGLQJVLQGLFDWHWKDWWKHXQLTXH1WHUPLQDOUHJLRQRI3'($FRQIHUV
WKH IXQFWLRQDO WDUJHWLQJ RI D FRUH FDWDO\WLF 3'($PRGXOH WR D FULWLFDO VLJQDOLQJ FRPSOH[ LQ
KLSSRFDPSDO H[FLWDWRU\ QHXURQV LQYROYHG LQ UHJXODWLQJ WKH IRUPDWLRQ RI ORQJWHUP FRQWH[WXDO
IHDUPHPRULHVZKHUHLWGHWHUPLQHVVSDWLDOO\ORFDOL]HGF$03GHJUDGDWLRQ
Overexpression of PDE4A5 in hippocampal excitatory neurons attenuates the consolidation of 
long-term object-place memories 
7RH[DPLQH WKH LPSDFWRI3'($RYHUH[SUHVVLRQRQDQRQDYHUVLYHKLSSRFDPSXVGHSHQGHQW
WDVN ZH WXUQHG WR WKH REMHFWORFDWLRQ PHPRU\ SDUDGLJP LQ ZKLFK PLFH KDYH WR OHDUQ DQG
UHPHPEHU WKH ORFDWLRQRI LQGLYLGXDOREMHFWV 2OLYHLUDHWDO+DYHNHVHWDO0LFH
H[SUHVVLQJH*)3Q RU3'($Q JUDGXDOO\UHGXFHGREMHFWH[SORUDWLRQOHYHOVDFURVV




HIIHFWRIYLUXV) P 'XULQJWKH WHVWVHVVLRQKRXUVDIWHU WUDLQLQJH*)3




WKH SUHYLRXV ORFDWLRQ RI WKH LQGLYLGXDO REMHFWV ,Q FRQWUDVW PLFH RYHUH[SUHVVLQJ 3'($










QRYHO REMHFW LQGLFDWLQJ WKH\ VXFFHVVIXOO\ GLVFULPLQDWHG WKH QRYHO IURP WKH IDPLOLDU REMHFW
$129$HIIHFWRIREMHFWSUHIHUHQFH) P $129$HIIHFWRIYLUXV) 
P LQWHUDFWLRQHIIHFW) P )LJ)
 7R GHWHUPLQHZKHWKHU1WHUPLQDOPHGLDWHG WDUJHWLQJ RI 3'($ZDV HVVHQWLDO IRU WKH
DELOLW\RI3'($WRUHJXODWH WKHIRUPDWLRQRIREMHFWSODFHPHPRULHVZHDJDLQH[SUHVVHGWKH
1WHUPLQDO WUXQFDWHG IRUPRI3'($ UHIHUUHG WRDV3'($ǻ LQKLSSRFDPSDOQHXURQVDQG
WUDLQHGPLFHLQWKHREMHFWORFDWLRQPHPRU\WDVN'XULQJWKHUHWHQWLRQWHVW WKHQVRPHKRXUV
DIWHUWUDLQLQJERWKJURXSVSUHIHUHQWLDOO\H[SORUHGWKHGLVSODFHGREMHFWH*)3Q 3'($ǻ
Q $129$HIIHFW RIREMHFW) P $129$HIIHFW RIYLUXV) 
P )LJ*1H[WZHDVVHVVHGZKHWKHUHOHYDWHGH[SUHVVLRQRI WKH VKRUW3'($





UHVXOWV LQFUHDVHG H[SUHVVLRQ RI 3'($ GLG QRW DIIHFW WKH IRUPDWLRQ RI REMHFWORFDWLRQ
PHPRULHVH*)3Q 3'($Q $129$HIIHFWRIREMHFW) P 
$129$ HIIHFW RI YLUXV )   P    )LJ * 7KH ODWWHU ILQGLQJ VXJJHVWV WKDW
3'($ GRHV QRW WDUJHW SURWHLQ FRPSOH[HV FULWLFDO IRU WKH IRUPDWLRQ RI REMHFWORFDWLRQ
PHPRULHV7KHVHGDWD LPSO\ WKDW3'($QHJDWLYHO\ LPSDFWV WKH IRUPDWLRQRIREMHFWORFDWLRQ
PHPRULHVE\LQYROYLQJSURWHLQSURWHLQLQWHUDFWLRQVWKDWWDUJHWLWVXQLTXH1WHUPLQDOGRPDLQ
,Q D ILQDO VHW RI EHKDYLRUDO VWXGLHV ZH GHWHUPLQHG ZKHWKHU WKH PHPRU\ GHILFLWV
DVVRFLDWHGZLWK3'($H[SUHVVLRQFRXOGEHD UHVXOWRIEHKDYLRUDO DEQRUPDOLWLHVXQUHODWHG WR
PHPRU\ IRUPDWLRQ +LSSRFDPSDO RYHUH[SUHVVLRQ RI 3'($ GRHV QRW DIIHFW H[SORUDWLYH
EHKDYLRURUDQ[LHW\OHYHOVLQUHVSHFWLYHO\DQRSHQILHOGH*)3Q 3'($Q WWHVW 
P )LJ+DQG]HURPD]HH*)3Q 3'($Q WWHVW P 
 )LJ , 7KXV RXU EHKDYLRUDO VWXGLHV LQGLFDWH WKDW WKH1WHUPLQDO WDUJHWLQJ GRPDLQ RI
3'($ SOD\V DQ HVVHQWLDO UROH LQ WKH WDUJHWLQJ RI F$03 VLJQDOLQJ FULWLFDO IRU ORQJWHUP
PHPRU\IRUPDWLRQ
Full length PDE4A5 but not truncated PDE4A5 attenuates forskolin-mediated FRET cAMP 
responses
%HFDXVHRXUEHKDYLRUDOVWXGLHVVXJJHVWHGWKDW WKH1WHUPLQDOGRPDLQSOD\VDQHVVHQWLDO
UROH LQ WKHFRPSDUWPHQWDOL]DWLRQRI3'($ZHPHDVXUHGF$03UHVSRQVHVXVLQJ WKH ,&8(
ELRVHQVRULQKLSSRFDPSDOQHXURQVH[SUHVVLQJHLWKHUDFRQWUROYHFWRUIXOOOHQJWK3'($RUWKH
1WHUPLQDOODFNLQJ3'($ǻ%DVHOLQH)5(7UHVSRQVHVZHUHQRWDIIHFWHGE\RYHUH[SUHVVLRQRI




([SUHVVLRQ RI 3'($ EXW QRW 3'($ǻ DWWHQXDWHG WKH IRUVNROLQPHGLDWHG )5(7 UHVSRQVH
$129$HIIHFWRI FRQVWUXFW) P3'($YVFRQWURO7XNH\ WHVWP < 
3'($YV3'($ǻ7XNH\WHVWP )LJXUH$%&RQVHFXWLYHEDWKDSSOLFDWLRQ
ZLWK WKH 3'( LQKLELWRU ,%0; QRUPDOL]HG WKH )5(7 UHVSRQVHV $129$ HIIHFW RI FRQVWUXFW
) P )LJXUH$% LQGLFDWLQJ WKDW WKHGHFUHDVH LQ)5(7UHVSRQVHGXH WR
RYHUH[SUHVVLRQ RI 3'($ ZDV QRW GXH WR QRQVSHFLILF DOWHUDWLRQV LQ 3'(F$03 VLJQDOLQJ
7RJHWKHU WKHVH GDWD LQGLFDWH WKDW WKH 1WHUPLQDO RI 3'($ SOD\V D FULWLFDO UROH LQ WKH
ORFDOL]DWLRQ RI 3'($ WR VSHFLILF LQWUDFHOOXODU GRPDLQV ZKHUH LW KDPSHUV ORFDO F$03
GHSHQGHQWSURFHVVHVFULWLFDOIRUV\QDSWLFSODVWLFLW\DQGPHPRU\















































































































































)LJXUH  2YHUH[SUHVVLRQ RI 3'($ LQ KLSSRFDPSDO H[FLWDWRU\ QHXURQV LQFUHDVHVϮϳϭ
3'($ SURWHLQ OHYHOV DQG 3'( DFWLYLW\ A 0LFH ZHUH ELODWHUDOO\ LQMHFWHG ZLWK $$9ϮϳϮ
&D0.,,H*)3 RU $$9&D0.,,3'($969 LQWR WKH KLSSRFDPSXV B 9LUDO 3'($Ϯϳϯ
SURWHLQ H[SUHVVLRQZDV UHVWULFWHG WR WKH KLSSRFDPSXVC-E 9LUDO H[SUHVVLRQ RI 3'($ZDVϮϳϰ
REVHUYHG LQ DOO WKUHH PDMRU KLSSRFDPSDO VXEUHJLRQV F-H 7UDQVJHQH H[SUHVVLRQ ZDV QRWϮϳϱ
REVHUYHG LQ KLSSRFDPSDO DVWURF\WHV 3'($969 UHG *)$3 JUHHQ ORZHU SDQHOV I $Ϯϳϲ
UHSUHVHQWDWLYHLPPXQREORWIRU3'($SURWHLQOHYHOV9LUDORYHUH[SUHVVLRQRI3'($OHDGVWRϮϳϳ
VLJQLILFDQWO\KLJKHU3'($SURWHLQOHYHOVLQKLSSRFDPSDOO\VDWHVQ WWHVW  P Ϯϳϴ
J2YHUH[SUHVVLRQRI3'($VLJQLILFDQWO\LQFUHDVHV3'(DFWLYLW\Q WWHVW Ϯϳϵ
P ZLWKRXWDIIHFWLQJQRQ3'(DFWLYLW\WWHVW  P $OOHUURUϮϴϬ
EDUVGHQRWHVHPLQGLFDWHVP LQGLFDWHVP Ϯϴϭ
)LJXUH 2YHUH[SUHVVLRQ RI 3'($ LQ KLSSRFDPSDO H[FLWDWRU\ QHXURQV UHGXFHV F$03ϮϴϮ
OHYHOV LQ WKH KLSSRFDPSXV A 9LUDO H[SUHVVLRQ RI 3'($ UHGXFHV F$03 OHYHOV LQ WKHϮϴϯ
KLSSRFDPSXVH*)3Q 3'($Q WWHVW  P EXWQRWLQWKHSUHIURQWDOϮϴϰ
FRUWH[ WWHVW    P    RU FHUHEHOOXP WWHVW    P    B CϮϴϱ
5HSUHVHQWDWLYH F$03 LPPXQRUHDFWLYLW\ LPDJHV LQ PLFH H[SUHVVLQJ H*)3 RU RYHUH[SUHVVLQJϮϴϲ
3'($1RWH WKHUHGXFWLRQ LQF$03LPPXQRUHDFWLYLW\ LQ WKHPDMRUKLSSRFDPSDOVXEUHJLRQVϮϴϳ
H*)3Q 3'($Q &$WWHVW  P &$WHVW  P Ϯϴϴ







LQGXFHG SRWHQWLDWLRQA ,QSXWRXWSXW FXUYHV UHODWLQJ WKH DPSOLWXGH RI WKH SUHV\QDSWLF ILEHUϮϵϯ






PHDQ I(363 VORSH RYHU WKH ODVW  PLQXWHV RI WKH UHFRUGLQJ ZDV VLJQLILFDQWO\ UHGXFHG LQϯϬϬ






DVVRFLDWLRQVQ IRUERWKJURXSVWWHVW P ZLWKRXWDIIHFWLQJIUHH]LQJOHYHOVϯϬϳ
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